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PURPOSE: A method for removing an interference 
signal in a CDMA(Code Division Multiple Access) 
system using an antenna array is provided to remove 
the interference signal using an algorithm in which 
small computational complexity is requested. 
CONSTITUTION: If a receiving signal vector is 
composed, a directional vector of an original signal 
is estated using a power method from the receiving 
signal vector of an antenna array(S20). The 
directional vector of the original signal is removed 
from the receiving signal vector of the antenna array 

for preventing that the original signal is removed by an interference signal removing algorithm(S21 ). A 
weight vector of the antenna array is calculated using the interference signal removing algorithm for 
satisfying a minimum mean square value of a cost function(S22). A gain and a phase to be multiplied with 
each component of the receiving signal vector of the antenna array are calculated and the calculated 
weight vector is multiplied with each component of the receiving signal vector for estimating an 
interference signal(S23). 
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43ti£. *S1. a]Jt .^1^ ^1, 7]§ oVEflufsl flMS eijEi h]-8- th^, 

'!:! *)| H 

!.-.','! Al ?KM!- 

5. 1* -^efl 7]^<H1 trf=. MUSIC ^jiel^ £a]*v 5:13 

s. 3£ -S- #«3<*H itfej- ^^1^5.Jf El <lv^a]^1- ^)]7ls>7i ^e]ff ol-g-sH afljEAjtl 

t'b 1 ^ ^ Al| Sl- 
I I) III 0] Jixl 

£ t Vl 3£- ^iq-ofl ^-*] *}-§- Heflol <t>EflM-l- A>-g-^ CDMA Aj^^oflx^ 7}^ a]^- Tfl 7^ 

tfl *HJajjt i$6\) o] Sl ) ^^^o^ efl^o] tJ-aiai^ 44^) efl'i^ 3-f°fliE. ?i 

f^-l: MUSIC (Multiple Signal Classification) lJaiB)^-§- °l-g-*H o]m. ^t}lL &c r . 
-£ l£r 7|#oil uj-s MUSIC ^el^^- £^o|cf 

H l«lHfe o_v Efl u|. o} e flo|ofl -,a) € Aijr^ zj- ajEfluMH *^ £3.71 (Frequency Down Converter )( D l £- A l ) 

«- 7]^ tfl<3 (baseband).^ 4- f r ^S.^i c^Hg ^7)(aDC)(d1.ea1 ).g. 7^ t)*)^ 

^-i 71 ( Demodulator )("l£ a] )j a^ 43;^ cf. 

nel ji. MUSIC iJ-^e^-i- o)-g-s|.o} 4^ Aijro] ^ a]^ ^^a. ^^7) c^icr] Aj- 7 j ^tj-aj-o] 

*j>±» i^ul tVEfll-f <H5fl°l^ A]^ ^E^«.E1 ^>7l Aj-21. ^LAj^ ^(S10). T.>7] 

•t 1 -^ ^-n-^l Tr^(Eigen Decomposition)* ^)a]§H ^IsS] t.}7]-#3} eg^af ^--g-s] 7f7) ^2} ^1^. §-cl5>fe 
-I- ^r^?Vc]-.(Sll) 

Aj^ «n E 1s) xV7l x\s_ #± a^o S «.e|^ ^ i-^^E-l (eigenvector)*-^ ol-g-g> 

<^(S12) ^-g- Al^O) ^AJ-O) ^aJlEEj^. 7flA].3).J7( S1 3) t O] ^-Tj-Aj-O] A^IE^O) 5) Cj) 5. «- Aj^O] OjAj-Z]-^- * 
^?rCl-.(S14) 

f ^Ji-g-^B I 

[II R. O. Schmidt Multiple emitter location and signal parameter estimation. IEEE Trans. Antennas Propa 
gat., vol. AP-34. pp. 276-280. 1986 
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"JVEIM- Aljro] 3}m ^ ^jj. ^«.g. Lflfec)1 *^.g_ n)1 _o 4^olcV. ccj-el- 

*i JTi. JfsH^(high resolution) 4*3 w o v ^°) -S.^-s|fecfl ^s). Ji-? r *Hl e?!*}- ^ MUSICS "?}EfluJ. c|| 

n^SJ *r?l ai-fra] §^(Eigen Decomposition)^ *K2. *M W ASM -t E i'£l 

[full rankl^r o)-^ ^-f^Tr Singular Value Decomposition sflo): ^c]-.) o] 5J o_5,«le^ a.^ jh ^ aj-o] 5} ^ ^^.^jh 

EH °J4Zf# -^*fl°): sl-71 lt|)-S-cl) (MUSIC) ofl-f ^HJ-^o] 



£Eth MUSIC I^C-l^Ufe 41^3: 2} aJj^ g-e]SHr 7]#oj oj 7 | oj|§.ofl c] s^-fr Aj^c) ula^ 0 |-g- 

sl-aj ^ 7 )-5l-aj6> Sj-of. <fc!±Sf ^^^^5] tg-^J£ s r fe -g-*fl*]ol °;cj-. 

* HQ US-*] ^JiLS.-?-Ei A]^ H 0 V*j: fl)E]£. C>Al ^A^s fl o> ^ #Aj A]^ *fl 7i S|-7) 

42H. £ 1^1 ^r*J£r ^H^H f^efl 7]#S.] ^-Afl^l- ^-olSH ?1#*V %°.sL*\, 7))a_V^o1 jl^S]^ 

<g-^el^# ol-g-sKr ^lEfluf 0^0] £. ol-g-^. CDMA ^^Hs] #-^5: *\\?\ *g-^-§- *\}^*}7] 



°1 W S*^*}7] fl^'* H 0 >^A o V ^.^lofl ttj-ai^ oVEfluj. <^eflo] Al^E^^Ai y-Aj^J. ^-^.o^ 

*°1" 7 1 «jEi# Dfl i^At D ].cf 71)^5^ Aj^Hj HJ^o)) ^<>|A^ OjEflu]. <>| E flolOj -A]A]^ ««E^^-Ei 

€*>-^ -tlJL(€^J:)2l tt J-^rtiEl» ^^3>c«| a 0 v 7 ) ov Efll 4 c^efloi^i ^a1a]ji aiE^lA-^ o] -ysl-fe -tlsC^l^J:)^ M 0 >*t 
*|-^-*rfe #3l2r. 71^ ^Eflu]-^ ^a]a]^ d|EH ^*H. ^1 ojEfl'-r^ ^a]a]^_ ^e^|^ #7) 

olEfluf ^eflo)o] -^A]A]^ tfjE^l ^jolE tfjE-|7l- ^Sfl^l 7-V^-i- ^*)-^ o] E tflEi-1- 

av^|.^ cf7i)<4, ^#=1 ^flolS ^E^* sH-?i(Hermitian) ^^r^^r 4>7l o>efli+ c^Eflojo] ^a] 

ajEifil Sjsll ?_>^ ^Jl# ^^2f, Aj. 7l °VEim^ ^J'tli ^E^^-E-| ^7] ^^^1 7_Mj a)^ 



Aj-7] OlEfluV OleflolO) ^AJAJJ: HjlE^5.^-E^ ^AJ^O] ^ rtl ^ # ^Vst g|^- ^ A) ^ O] OJ A l Zj- Q , ofl cfl s])^ , - " 

si iis ^l^H *i>t I T:' r: '-'JSv VI " °fl WW ^mis. »«jem- ^sh^i^ ^-^ 

O.^. eVcf. o}7|o)l A^ AV7] A]^ ^|7^ ^J-tlSS} tfjE^ ^a-, o]S] ^V-a Al^o^ oj^z}. 0 sj. ^JA]^^ o. A} . 

9 , <H| a (6 )2f "JrEfll-r <H «ll °1 S-| ^^1 Hf* «j E^ °1 fif £-g- ^7lj# 7^|a| H 

3/1 A N-i°! «msl §4 a* 5Hr4. 
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y-y] n°]S. 'iJjEife #71 <#Efl»4 ojeflol ^-tfAj-g. <>} -^AjAljr *1"l*UHermitian) «3*V 

<tf*r^ -&^r Zj-ff*} ^sj q^lsK #7| *l-#4el ^EflM- <HM°1 ^r^-yji '-^af #7] 7]^ ^EKfs] 

h.MjJ q) x-1 ril 

t 1 O " 1 I O vc i o 

^lof £ «^S| B^ajft <g *)Aj o||of| O.}^ =f-A§ A}-g-g. *jjf^] Al-isl-Oc) ^rg^c]- 

2fe £ u J-'g<H] i^Bf ^JlJ^eI ^^li* $l?r £:Hi!j#-§- £a]©J- S^oicK 

2£ 2* ^JlSr'S, tVEfluf ^ e ]]o]ofl ^a)£ Aljrfe 4 oUfluHH ^ ^^-7] (Frequency Down Converter)( 

u]^A|)fl. t]^a^ cfl^( baseband) ^ c^x]e^ g#7l(ADC)(n|.£Ai).g. 7H *J c)*|<a ajj^ 

uVflJL 4^7l(DemoduIator)(ul£Al)s. Ja-^c}. 

€■ t'S'HMfe #7] 4 <?}EflM-2l 4i7| (Demodulator)* >| tl a]3:1-§- ajEjs. ^a] a]^ aj E ^ ^Aj^cf 

A cM "t~aJ ^31 ^7} ^51^ ^A]^oj ^ uJIe^ o> E fl q. ^ efl o] $) ^a}a] ^ - Power Method" 7l»a 

* °)-§-*r^ ^=S*Cr.(S20) 

=L * ft-Sl ^131 ^171 £513]$* 0|-g.*).^ TVAjA) ^S. ^17SS>7)<H1 ^Aj A]Jr ^ ^e^ofl O^gfl ^AJ^^X) 

*fl?13fc ^j-i- »g-^*>7l ^Al^o] Bj-lgrtfjE^ Oj-Eflq. <^H ^ *fi ?1 tb^. ( S2 1 ) 

^JAlJro} tfl El s. ojtm ^eflo] ^Al «i]E^lA^ ajj^tr * TiAj oj-ie)^ oj-g-Sj-o) ul^.^.-o) 

3)4: ^5 a>^o| ^ njij^ ov Efll 4 o^|o]5} ^]o]E tflEil- 7}]AVeJ.^( S2 2) 

AJ-71 ^o|E «J] E ^ ^Al^cq ^ «)|E^7l- <H3M ^A] tf)E-|^ Z[- Aj-g-ofl -g-sfl^ ojS.ul O.]^ TjlAV^j! ^ Sf | 

A) fl|olE tflEj-I- ^Al^o] « o >^ an E ^|7> A).2}Al ^A] rflE^ A^^.^ -^.O^Mj ^a^ Aj^S. ^Tgsl-Tll S c>. 

(S23) 

^ c 'l ?>-a ^^7]- ^5]<3 ^EflS.) ojEim <H^]°1 ^ *]E) ^ ^VEfll4^lAi ^A]S1 AJJ: Aj^.oflA^ 

<|]«V^ t>Efli4 ^efl^^l o}Efli4 7fl^l- N, ^AJJT Ul Al^S-^. i^-3>^ Aj^^o] 7 |j-S ^ «fl m tH 

1 

-v„,co= S-*<o •'*-■>■ — - , „,„ co 



«=i7]A^ s k ( t )fe 7]^ OVEfll+oflAl ^A)£ k Hl^| ^A]^ Aj^S. Q ^ Aj^fij ^Aj-Z)-^., n m (t)fe IT1 «1 ^fl <?> Efl Uf 

<g o}-Eflu>o] m a}^ o> E fl»4 i^fol] -fi-7]Slir AjJifl- u>E)-m^ ^0.5.^ ^. uv^^|a^ ^tgAj-o) ^^la] 
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A <M 1* ^EflM-Hl tHsflAi ujj El a ^o.5. M-eHH^ <y«vxj o.s..v(0=^(0+»(0 5. ^ 4 si^Hl. <>i lt fl . v(/) 

2k»0>cr (n x l) rajE-15. c)~§- ^a] 2fif. 4*}-<il 3^f ^MW. 



r 1 • 1 - 



.arOV C-v, (».v,tO .v„< O]' 



1 - 1 — 1 o 

ii CO = C " , C O " = CO CO] ' 



A <Mf(')fe (d X 1) «flE]S.>H ^"5- 4^ 4i4 ^"Cf. 



2 CO - L-v , CO »a CO -v^COJ* 



Afe (N xd) A* 4-^SRr 3. <&&\Z] f(6 *)(k=l,2 d)fe ^flM" o}efl<>lS] aj-^V «|E]s.^ cf-g- 

5S+ go] M-eJ-hHcJ-. 



4«r A -l 5 

«ce *>=[i <* T/ " .. ..«- y<,w - ,> " ■ i " u -] 7 



*}7l 1 - ^*Va] 5 oflA^ tfe ^«fl ^-§-Sf7l £ 30^ i^i^ <ya|i kS *lMcf. 

£ 3-g- £ nfe> «<g±3.*Ej *MJ>i}:i:# «>1**H 

7} Zj- ol-EflufoflA^ ^3>^ 5).^ igg. 7}*} 7]^tfl°d A]Jr.g. ^ -BS-i££]<H ^A] A) ^ ««} £) JiL 4 ^ [ .V(A)] 

€ ^Jit °l-§-W.(S30) 
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«<© , -j— r ■» " i,w e • ><v ,) " "' n0 • I' 



=L-d)jl, oVEfluj- <H C flolo| 47) AV2V S^^. ^A] A]Jr *«|E-| A-(/t)S.-»fE^ Cf-g- 71). ?J-o| L-l-E+hflCf. 



Ji„.^yrt x (,/c-l)-,-x(/c)x(/cy 



* ne^Jl, f (Ar)^f(A)£i| sH^(Hermitian) ufEfvHcf. 



A l-§-^- -=r 9X^^\ 3. aflS-fe ^^^1 " Power method" » 0 >^°] cf-g-sf ^o] jS_Qt§ ^ o|cf. 



°l*r ?H Vo l ^^112] « 0 V%1 .HlE^l- *^ ^°tife ^ ojEfluf <H M °1 3. -JUL 'jnE-lol|A-) 
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(1) ^Jl^I »«}E-| 6 ^£7). ^SHf o> E fli4 o] Z ])o}3] <?jA^-a. <4e)-lHJI. 6 4& ?Ki a)^ S -o] oj h,. 



= «> - 



^al. a]5L ^Hl^ r}-g- 114 ^-fl M-^^cf. 

11 

-2, 1 O.. . O 

O -z , 1 . . . . O 
O O -z, 1 



°fl Sfl^^q-. -ilS. ^7] B* Af-g^o.^.*] ^A] ^O) ^ «!]£-)-=- Tpj A]^ ^ Oj-jr^ 



^. a|l B°fl elsfl^ ««3 a]^ tfj E ^^ ( A:) =5^)71- 5]^, o|ufl.y(*)^ zi 37]7)- (N-l)x 1 *}E]ojc].. 



^IJl «S-« «jE^ ^17H ^^71- <gt$% Jfoflir. 7]^ "tfEfll-HH -T-A]^ Aj^S. *^*}^.(S33) ^. 0|ifAj A| A-tnlo)]^ 

A .!^.( A ')^ $-g- ^^-o) ^fls]-^ 3^- c]-g- ^6j-Aj 12fi+ 7 ^ o] ufEl-Hflc)-. 
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-t V. Cl-i Sj-fe ^j^- 7>Aj Aj « ^ OJ-^^^O^ -^A] 13Jlf £ 0 ] L |. E ].uHcj-. 



^1 *M ^JLS^fil 7)^ ^A]^^ ^ A}JrS-o) A-)5= Aj-^o] gj^- Aj^^ o)-g-^ ^ O.^. o] ^ -3- 



"^Ml. <?VEflq-<HlAi ^A]^ Aj^O] r ( k )<^)A^ Tj-Aj A] J- A^O^ ^ig^fe. ^(A)^- ^ Aj « - £ ( k )S. 3.] ±S} 

^ #-8 ^S- ^Jiel^o] 7l -c) 5jcf. 



A o V 'l tf^ A ^ <£3I^2} U)-g- fl-^fe. Cf-g- £ o] i4Efvflc>. 

.y-zri^c^-^'Vc*)! 2 

°1 «H. r(k)fe cf-g- ^S|-a] i52f ^-o] i4E>vflji, y(ky^ ^4J-a] i 5 sq. £0] ufE^*}. 



- 8 - 



•&7l)s.sj ^-2002-0018328 



/•(A)-»r'"v(A-) =->,<:*:i- t...(wn-..>" n <<> „,i 



4aH. A <M ^*f±i tfEim oJefloH ^a]Ae! ^iL°fl tf-g- ^£<>1 ftfe s_nT (k)(K = 1.2 d)- 

AjS. av^oI £71 ttfl-g-ofl ^ ^-g- TflTll- fl^ H]-§-$-^ cf-g- -^*M 184 ?><>1 J-S. CfAl ufEf^ 91*}. 

-r a f A ! 18 



3 i€r a>-^ i^Xmean squared error), £"|e (*)| : -H ^iSl-SKe ?-lHM ^Ei-fe t}-s- ^r«r^ 19*4 £o] M-e^c]-. 



°1 «H. R_yy^ n^^r^ 204 r„ cf-§- ^«r<^ 214 44M}t}. 



-t«r*] 20 

«„=^r.v(A)^ W CA)l 



21 



7 h Vo 1 -Pr-E€4. 
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^3^ ' " CO 3>- ^ rf «., r - ■ CO d ) 



qjL,w"y(k)^ *BJ4]-MJ-§-Sl ^-S] ^*)7> S]fe 5Jol4.(S34) ^KM. *Hsfli~HH a]^ r(k) o|] 

<H ?>-a ^J^*^ ^>^-*>^ ^*ax}7} ?M4.(S35) 



21 



^..jvCO— C*- i > +.v(A .).v"<*; 
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°H. kfe "HelMSL iS^SHr tl^-l «4eH1|J>. Hfe *| u l Hermit ian ) 

t-^K! 26 

w(*-i-l>— m-(*)- p 2m »: "(AO.VC*) 



°H.Z J c "l-g-IK 1 ^ nefltqoje ^ o] n ] sl-ja ^ °) ^ LMSS] *j-§- oi-s.-§. °lol$-c).. o)tt|). k^r <?H]»4 <^\i]]o]s. 



°l A o v ^ ^^^l^<2f £o] 0(N)S)(N: antenna arrav°lH antenna elemental t))^* 7\x}7} 

^7]- 7l-^*>cf. 

t-*H. 7^2} ^ ^$ 7l^o] MUSICS IIS. Sfe A>7] S$%^r ^jS.?]- 

*«*t #2fl MUSIC ?>J15l#o)lA-1 3g_8_^ <$s.}z} cfl*V oJ-Eflu). o^|o)o] =-a] A]jr<i| array mani f oldi n] 

"LltflM- °i5fl 0 l-l- 4-§-«r^ CDMA aI^H]^ 71^1^ch1a-1 ^7]S.^B]$.] -yj:* ^a]i! ufl ofEflul- o^eflol^. «) 
-g-*!-^ CDMA ^<S^ "fr^^r ?J^4]:t. ^-g-a- ^ -tlS-HH *fl7i^-°.5.*| f-A) ^tfofl 7]<^ 

ol A o V -g^* ^fl-§-^ f-Sl) ¥<$X}^ 1^2] 71^ A^V-g. QJ^.^^ o\yJ\t}^ SJflofl^ Cf-^tl ^7J ^ -^j o) 

«"-§: «t ^ SI* SMI. 

^ 7l#2j <^^fe ^AHl^l 7l7fl^ ^-§-6.5. *V^5>^ 5Jol o)-u)e}- S.*] ^ ^5]o]l o^SflAi 3g efl ^ o): 

ff)7) %'V-2l HSfl 
^^ S o'- 1. 

<?Hfll4 cH^|ol AjAEfl^]^ ^J-o.^ #<^^7| 2)S1 ^|o|M «"E^S. n)) AUlAlo).^ ^]^5|.^. Aljr^cj ig-^J 

9>Efl>4 ^^!<-Ji. '*E-|S.^-E-| ^Sf^ ^Jl(^:£)£} ^^§1-^ ^7) <?>Efluf o]i\}o\2) ^aJa)^ 

^Eflq-el -^r^-tlSL E-l 1- °1 7|$ oVEflM-S] ^-tl-tlJl ^E-|«H|>«-i -^7] aI-tV^I olEfluf cH^ 0 |o) -AjAlJr 

«"EHI ^z]?} -S-sfl?l ik^ i)± «)Elfl- tl#s>^ ti^lsf: 
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A o v ?l fl)o]jE ifljEit- Slul^(Hermitian) g^Staf A cM o> E flq. <^eflolo| -^aJai-^ »i]E^o| rg-oj) 

A oM 0 jEfl'-l-Sl ^aIai^ ^ElS^El av 7 , £aJ ;H| 7 -]SHr -a-^l-l- iifsH o|^o1x|fe 74.2. JS-a) o 

^- °jEfl>4 ^e)|o]s. CDMA Al^ejojlA^ #AjA]jr ^ ^ 

^T^J" 2. 

l*oH| av 7 ] i^^fe t^HMi ^Ajjrsl a o >*J:tf}El ^J-g. 7^a] ojgjA, m o] ij-Qtifts. ^-aV^^j, 

?}-§: ^-5-5. <t>Eim 0 l-g-^- CDMA ^ EJ ofl a^ 5} t^a] ^ ^ a o v^ 



3. 

A <?] k£}- *H-ii(Hermitian) H°i] tflsfl " •*(*) » 3} ^7)11- sJ-g- 

^.2.5. <L>Efli4 <Hefl°l* °l-§-t!- CDMA A l — ^) °1] a~1 y-^JL TflTl ^ 



4. 

1*<H1 S^H*!. A oM Al-Tj-sRr tM)<HlAi ^A]^^ Wj-SJ: ^E^l- ^ ^JA]^^ Oj A >Z^- Q , o|) tfl ^ , = « ~ • 

^ Shi- ^Jl TflTH " "'" e ■ « ofl ^>Eim c^efloi^ ^aIaij: tfjEl!- ^-sflx]^ 3,2- m^i 

t}^ oVEflq- <Heflolfl. ol-g-^j- CDMA a)^^ <^ ^ajajj: ^ wj-^. 



*l 4* 0 H1 $X°]^, A]i ^)7l S^Uf ^JAI^ Hj-Sj: tflEi^ -g-O. Cj^ ^Aj A]Jr°} OJ^zJ. Q <4 ^ A] -£ ^ OjAj-Z]- 

« n 37l7> N-l<?] *81^(9 )2f2l ^ ^ £fe ^J^- oVEfluf o] efl ol# o]^.^ CDMA 



^T 1 * 6. 

-^1 5l«HAi, a o V 7 ] o,, 0 | h M» B ] -t 74-t^fi- c}. 711 ofl A^ 

#71 HJiE^fe a o v 7 ] ^ 7 j-^) o>. Efll 4 ^efloj ,-aIaij: tfi E ^<4 o| ^AjA]^ £■] ^ ^ D , ^ ( Hermitian ) <2 -tf&sf ^1 

5^^ A oM *1-L V ^! ^EflH- «Hsfl°l ^r^J^lJ: «a]Elfif #7] 7l^ «LVEflui-oi ^aia]^ ,jn E -|sl -§-°« -is- 

i^r^oi Hj^-d). #0) ^-o)l ojafl ^sflAjfe 74^. s^o S s>-fer <J]-Efluf <H eflo]^ CDMA aJ a, ofl ^aj 

*! 3L 7fl7l »V^_ 
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